Figures DR1-DR3 Figure DR1 . Location map of Oruanui volcanic ash deposits (white labels) and lacustrine lithic clasts from the ignimbrite (black labels). Numbers refer to the localities reported in Table DR1 . Modern Lake Taupo is shown with the source of Oruanui volcanism (yellow star) at its geometric center (Wilson, 2001) . The extent of the paleolake (Lake Huka) is inferred from the presence of pre-eruptive lake sediments (Grindley, 1965; Manville and Wilson, 2001) . Inset map shows the geographic location of mainland New Zealand with respect to the offshore Chatham Islands. The limit of the Oruanui ignimbrite and extent of the 10 cm isopach for fall deposits is shown as a dashed line in the main map and inset (Carter et al, 1995; Wilson, 2001 Figure 1 of the manuscript are marked with an asterisk. Where more than one whole transect of the mounted coverslips were counted for a single sample, maximum and minimum abundances are shown; n.a. indicates that only one transect was counted. Mean, maximum and minimum values are also shown where multiple samples were analyzed at a single locality (or closely spaced localities, in the case of the Chatham Island sites 2041-2051).
SUPPLEMENTAL METHODS

Isolation and identification of diatoms in tephra
Samples analyzed in this study were prepared using heavy liquid separation, taking advantage of density contrasts between particles to concentrate the fraction more likely to contain diatom valves. Unconsolidated material was passed through a 63 μm sieve, which was thoroughly cleaned between each use. Approximately 0.01-0.02 g of the fines were added to 50 mL centrifuge tubes and reacted with 20 mL 27% hydrogen peroxide to remove organic matter, rinsed, reacted with 20 mL 36% HCl, and rinsed again. Samples were then transferred to 9 mL centrifuge vials, and 9 mL Sodium Polytungstate (specific gravity 2.20 g cm ) was added to each vial before thorough mixing and centrifuging at 2,000 rpm for 15 min. The upper 1-3 mL of each mixture was transferred by pipette to pre-washed vials and rinsed 4-5 times with distilled water. To mount the concentrated mixture onto glass slides, 3 mL distilled water was added to each vial and 0.5 mL of the mixture pipetted onto glass coverslips, followed by drying on a hot plate at 80-100°C. Coverslips were permanently affixed to glass slides using Naphrax mountant (refractive index of 1.65) and cured by heating to 150°C for ~3 min.
At least 300 whole and significant fragments of diatoms (i.e., identifiable pieces including ends or centres of valves) were identified in each sample, with the exception of one of the enclosing layers (underlying paleosol), which was particularly diatom-poor. This resulted in >8,200 identifications in the Oruanui volcanic deposits, >1,000 from lacustrine lithics, and >500 from the enclosing layers (Tables DR2 and DR3 ). Samples of processed volcanic ash were examined with a JEOL 6500F scanning electron microscope to assess the fine-scale structural preservation of the diatom remains (Fig. DR2) .
Concentrations of diatom remains
Absolute abundances of diatom remains were quantified by counting the number of diatom fragments per unit mass of fine ash <63 μm. No remains were detected in volcanic ash >63 μm. Measured quantities of untreated fine ash were mounted onto round coverslips and examined under a Leitz Diaplan differential interference contrast microscope at 1000x magnification. Photomicrographs in Figure DR3 are from samples prepared in this way (i.e., sieved but not chemically treated). At least 150 fields of view across full diameter transects of the coverslips were analyzed for each of the 22 volcanic ash samples and two enclosing layers to determine absolute abundances of whole and fragmented valves per microgram of bulk deposit. Over 4,000 fragments were counted in the volcanic ash deposits, and only fragments >2 μm across that were positively identifiable as diatomaceous were included. Where multiple diameter transects were counted, the maximum, minimum and mean abundances are reported in Figure 1 and Table DR2 . As diatom counts were obtained only from the fine ash fraction (<63 μm) of the pyroclastic samples, reported results have been normalized to the amount of fines present in each bulk sample, determined by grain size analysis using a Beckman Coulter 13 320 laser diffraction particle size analyzer. The laser data were processed using a best-fit optical module for rhyolitic ash, defined by refractive index 1.55 and absorption coefficient 0.01. Blanks of pure distilled water or 32 μm glass beads were processed alongside each step of preparation to quantify laboratory contamination; blanks yielded fewer than five fragments (all
